Prior work has shown that women are underrepresented and underperform in physics compared to men. A number of factors have been identified as contributing to these gaps such as stereotypes, prior knowledge, and student motivation, but less work has tested the relations between them. We have collected motivational data and performance outcomes on students in introductory physics courses over the past several years. In the current work, we investigate how students' prior preparation and motivation relate to their learning outcomes and the gender gap. The results show that students' prior preparation and self-efficacy beliefs mediate the relation between gender and learning outcomes. Identifying factors that impact learning outcomes in physics courses is important for developing and implementing pedagogies and interventions to help all students learn and eliminate the gender gap.
I. INTRODUCTION & BACKGROUND

Much
research has documented women's underrepresentation and underperformance in science, technology, engineering, and mathematics (STEM) fields [1] . Within STEM, physics has a particularly large gender gap between male and female students. We define the term gender gap as a measurement, a comparison typically between male and female students, that shows differences in educational or learning outcomes such as achievement, retention, and motivation. For example, even though women earn approximately 60% of all bachelor's degrees in the US only 20% of the physics undergraduate degrees are earned by women [2] . This shows that relative to ratio of women earning bachelor's degrees they are numerically underrepresented in earning physics degrees. Although efforts have been made to increase diversity in STEM and to identify the factors underlying these concerning patterns, much work remains to understand the interrelations of these factors.
Prior work has examined several factors related to the underrepresentation and underperformance of women in physics including socio-cultural reasons [3] , teaching practices [4] , student differences such as prior preparation [5] and motivation [6] , among others [see 1, 3 for reviews]. For example, gender stereotypes can negatively affect performance outcomes by causing anxiety and rumination about one's anticipated performance [7] . These stereotypes can discourage women from majoring in STEM fields for fear of confirming the negative stereotype and can decrease their sense of belonging [8] . Women have also expressed concerns about poor teaching practices and non-welcoming, "chilly" classroom environments in which, for example, instructors are more likely to call on males than females [9] . A third factor, likely to be influenced by the previous two, is prior preparation. Research has shown that enrollment and proficiency in high school math and science courses positively predicts students' choice of a STEM major and persistence in the major in college [5] . However, high school girls are less likely than boys to take physical science and engineering courses [10] . Student motivation has also been proposed as a contributing factor to these gender gaps and prior work has examined differences between males and female students' self-efficacy, interest, feelings of belonging, and beliefs of physics intelligence, among others [1, 6] .
Given the numerous factors proposed to contribute to the gender gaps in physics learning, performance, and retention, an important question arises as to how these different factors relate to one another. A few theoretical frameworks have been proposed to help researchers organize these factors and their relations with one another [1, 11] . Both Degol and Wang [11] and Eddy and Brownell [1] propose that some of these factors are more proximal (e.g., motivation) and others more distal (e.g., socio-cultural) in their impact on student performance and engagement. However, there is relatively little empirical work testing the relations between multiple factors. In the current work, we test a model that examines the relations between students' gender, prior preparation (e.g., scores on Advanced Placement (AP) science courses and Math SAT), self-efficacy beliefs, and learning outcomes in an introductory physics course.
Given the wide array of motivational factors that have been investigated, in our model we focused on students' selfefficacy beliefs, because past research has documented a particularly large gender gap in those beliefs in physics [6, 12] . Self-efficacy is one's belief about their ability to successfully accomplish a particular task or succeed in a specific domain [13] . Self-efficacy beliefs have been shown to predict course enrollment, increased persistence, selfregulated learning strategies, and academic achievement (see 14 for a review). Furthermore, some research has shown that for both sixth grade science students and college students solving math problems, their self-efficacy beliefs about the domain predicted their learning and performance outcomes, even when controlling for their prior knowledge [15, 16] . This shows that these beliefs can have an influence on performance above and beyond prior knowledge. We test these relations between prior knowledge, self-efficacy beliefs, and performance with college students learning physics.
We predicted the relation between gender and learning outcomes for an introductory physics course would be mediated by more proximal factors such as students' prior preparation and self-efficacy beliefs. Figure 1 shows the hypothesized path analysis model that maps out the predicted directed dependencies between each of the measured variables. Specifically, we predicted that gender would be related to students' SAT math scores and their likelihood of taking AP courses. These relations are likely driven by what Eddy and Brownell call "ultimate causes" such as gender stereotypes and cultural biases [1] . We also expected AP courses and SAT math score would be correlated to students' self-efficacy such that taking more advanced science courses and having higher SAT scores would be related to higher self-efficacy. We also predicted that gender would have a correlation with students' self-efficacy in physics, with women exhibiting lower self-efficacy than men. We predicted that gender, SAT math, AP Physics, self-efficacy, CSEM pretest scores would each be correlated with CSEM post-test scores. Finally, we predicted that the measures of prior preparation and self-efficacy would explain learning on a conceptual test, mediating the relation between gender and learning outcomes. 
II. METHODOLOGY
To test our conceptual model, we conducted an analysis of institutional and survey data collected at a mid-size research University.
Participants were students in 8 sections of a calculusbased Introduction to Physics 2 course. A total of 542 students were included in the analysis who had complete data for all of the variables of interest (conceptual pre/posttest scores, self-efficacy, AP physics 1, and SAT Math). This was 64% of the total students enrolled in these classes. Students were primarily engineering and physics majors and the majority were 1 st year students. Thirty-two percent of the sample were women.
The learning assessment was the Conceptual Survey of Electricity and Magnetism which consists of 32 multiple choice questions [17] . This assessment has been validated and used extensively as a conceptual measure of understanding of core physics phenomena and principles [17] . The pre and posttests were identical.
The motivation survey measured multiple physicsspecific motivational constructs including self-efficacy, fascination, value, beliefs of intelligence, belonging, and identity, among others. In the current work, we focus on the physics self-efficacy construct. This measure includes items sampled from prior survey instruments and has been validated in prior research [6] . Six survey items were selected to represent a diverse set of contexts within which to assess student's sense of efficacy for physics content (see Table 1 ). Each item had a 4-point Likert scale. Previous work established internal coherence (Cronbach's  > .70) and discriminability from the other motivation constructs vis-à-vis Principal Components Analysis [6] . A mean rating was calculated across the items. We obtained de-identified institutional data regarding students' sex, which was coded as 1 for male and 0 for female. In the current work, we do not focus on non-binary students due to their small sample size (n < 1%).
We also received information about whether students had taken an AP Physics 1 course. AP courses are elective high school classes that can count for college credit. There were two types of AP physics classes that students could have taken: Algebra and Calculus. We did not differentiate between these two types because they showed the same pattern of results when analyzed separately. AP exams were scored on a 1-5 basis, with higher numbers denoting higher performance. We assigned students who did not take an AP course a score of 1 because we found that those who did not take AP physics had the same average final grade in the Introduction to Physics 1 course as those who received a 1.
Students' math SAT scores were also obtained and ranged from 400 to 800. These scores are normed each year to generate a national mean of approximately 500.
Students completed a conceptual assessment and motivation survey at the beginning and at the end of the semester. These surveys were typically administered in paper booklets in the first and last recitations. Students first completed the motivation questionnaire (10-15 minutes) followed by the conceptual assessment (35-40 minutes). Instructors were encouraged to give a small amount of extra credit for completing the surveys. Institutional data and survey data were merged through an honest broker and deidentified for the research team.
We first report descriptive statistics of each variable by gender and correlations across key variables. Then we tested our path model to address our research questions. Path analysis techniques are used to examine the direct and indirect effects between the variables. We began by testing all directed dependencies in our hypothesized model and then removed non-significant paths that improved the fit of the model.
III. RESULTS
All students showed learning gains from pretest to posttest on CSEM assessment, see Table II (t= 17.4, p < .05, d = .68). In terms of gender differences, male students had higher scores than female students on math SAT, AP physics, self-efficacy, and the pre/post CSEM assessments (all F's > 4.4, p's < .05). The effect size differences between male and female students were small to medium for math SAT, AP physics, and the CSEM tests. The largest difference was for self-efficacy beliefs in which the mean for female students was at the middle of the scale (M = 2.6) and the mean for male students was 0.72 of a standard deviation above (M = 2.9). Table III presents the correlations of the variables in the path analysis. All variables were significantly related to one another (p's < .05). Gender was significantly correlated with the CSEM posttest scores. Next, we examine whether this relation is mediated by the predictor variables of prior preparation and self-efficacy beliefs.
The strengths of association between variables within a path model was estimated using R (lavaan) and the maximum likelihood estimation method. The fit indices suggest an acceptable fit of the model to the data,  2 (2) = 1.97, p > .05, (CFI = 1 > .96, RMSEA = .00 < .06, AIC = 7,950, BIC = 8,027). In Figure 2 , we present the standardized solution for the final path model showing all significant relations between gender, AP physics, math SAT, selfefficacy, and CSEM pre and posttest. The three significant predictors of CSEM posttest were CSEM pretest ( =.34), self-efficacy ( =.21), and SAT math scores ( =.10). When all of the predictor variables are entered in the model there is no direct relation between gender and CSEM post scores (in contrast to the initial correlation). That is, the relation between gender and conceptual posttest scores is mediated by the intervening variables of math SAT, AP physics, selfefficacy and CSEM pretest scores. We can quantify and compare the indirect effect flowing through different paths. The largest indirect path is through CSEM pretest ( =.25), followed by self-efficacy ( =.15), which is followed by SAT math ( =.01). 
IV. DISCUSSION
We observed small gender differences in student performance on measures of math SAT, AP physics, and on the conceptual pretest. These differences have been observed previously [3, 5, 11] and are likely driven by the combination of social expectations and stereotypes, teaching practices, and motivations at play during development and schooling. We also observed a large difference between males and females' self-efficacy beliefs in physics at the beginning of their second semester physics class. This is also consistent with prior observations and measurement of these competency beliefs [12] . We then examined the relations between measures of prior preparation and students' selfefficacy on learning outcomes. As predicted, we found that the relation between gender and learning outcomes was meditated by measures of prior preparation (math SAT, AP physics, CSEM pretest) and self-efficacy. As one might expect, prior knowledge as measured by CSEM pretest had a large effect on post CSEM scores. It is also not surprising that prior experience in mathematics and physics predicts scores on the initial CSEM pretest as we expect that practice in developing physics knowledge and mathematics skills will help learning new physics content.
This work also provides further support for the relations between the role of students' self-efficacy in predicting learning outcomes [15, 16] . That is, above and beyond prior knowledge, students' beliefs about their competence in a domain can have a large impact on what they learn. Students' prior performance and experiences (Math SAT and AP physics) shapes students' perceptions of self-efficacy but importantly, in addition to those sources of information, there is still a large relation between gender and self-efficacy, suggesting that other factors like socio-cultural expectations and stereotypes are still playing a role. The importance of self-efficacy in explaining the learning outcomes further highlights the importance of addressing the self-efficacy gap between men and women in these classes [12] .
This work takes the first steps towards testing the relations of prior performance, experiences, and motivations in how they relate to gender differences in learning outcomes. These results suggest that that by measuring multiple factors hypothesized to affect learning outcomes we can begin to assess which variables have impact on others and which have the largest effects. Using this information, we can begin to develop interventions and educational innovations targeting these variables and interrelations to eliminate the gender gap.
